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Abstract
Background: The main purpose of this study is to determine the correlation of inter- and
intraatrial conduction times between the electrophysiological and tissue Doppler
echocardiographic measurements, and to evaluate the appropriateness of tissue Doppler
echocardiography for this measurement.
Methods: One-hundred and one patients were included in the study who underwent
electrophysiological study for clinical arrhythmias. Inter- and intraatrial conduction times were
measured from intracardiac electrograms. Atrial conduction times were also measured by tissue
Doppler echocardiography by evaluating atrial electromechanical delay between lateral mitral
annulus, septal mitral annulus, and right ventricular tricuspid annulus. The correlation between
electrophysiological and echocardiographic atrial conduction times were analyzed.
Results: We found a weak correlation between the measurements of interatrial conduction
times with the electrophysiological and tissue Doppler techniques (r = 0.308; p = 0.002). The
correlation for intraleft atrial conduction times was moderate (r = 0.652; p < 0.001). There
was no correlation between the measurements of intra-right atrial conduction times.
Conclusions: We concluded that tissue Doppler echocardiography can be used for the
measurement of interatrial and intra-left atrial conduction times. Tissue Doppler
echocardiography can be a suitable technique to evaluate atrial substrate. (Cardiol J 2012;
19, 5: 487–493)
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Introduction
Conduction of sinus beat through the atria re-
quires electrical and functional continuity of atrial
myocytes. Atrial conduction time which is inverse-
ly related to atrial conduction velocity is a measure
of atrial conduction characteristics. Any pathologic
process impairing atrial conduction may result in
reentrant atrial arrhythmias. Atrial fibrillation (AF)
is one of the most common arrhythmias observed
in clinical practice [1]. Interatrial conduction abnor-
malities may result in initiation and continuation of
AF [2, 3]. The frequency of AF is increased in pa-
tients with impaired interatrial conduction [4]. It has
been shown that in the presence of interatrial con-
duction delay, biatrial, bifocal right atrial, and inter-
atrial septal pacing may prevent the recurrence of
drug-resistant paroxysmal AF [5–7].
Among the noninvasive and invasive methods
to evaluate the interatrial conduction, the basic and
the most frequently used one is the electrocardio-
graphic P wave duration and morphology [8]. Also,
there are some echocardiographic methods to mea-
sure interatrial conduction times by the evaluation
488
Cardiology Journal 2012, Vol. 19, No. 5
www.cardiologyjournal.org
of cardiac electromechanical events. The time in-
terval between the electrocardiographic P wave and
the atrial contraction detected by M-mode or Dop-
pler echocardiography is defined as atrial electro-
mechanical delay [9–11]. Atrial mechanical activity
can be detected from different atrial regions by tis-
sue Doppler echocardiography with high temporal
resolution [12]. Therefore, tissue Doppler echocar-
diography may be a useful method to evaluate atrial
conduction times.
The purpose of this study was to investigate
the correlation between intra- and interatrial con-
duction times measured by tissue Dopper echocar-
diography and electrophysiological study, and the
appropriateness of tissue Doppler echocardiography
to evaluate atrial conduction times.
Methods
Study population
One hundered and one patients (35 males and
66 females with mean age 41 ± 12 years) were
enrolled in the study who underwent electrophys-
iological study with the complaint of palpitations or
demonstrated supraventricular tachycardia. Physi-
cal examination, 12-lead ECG, chest X-ray, labora-
tory investigations including complete blood count,
blood biochemistry and thyroid function tests were
routinely performed for each patient. Laboratory
investigations were found to be normal in all of the
patients. All patients were free of any other diseas-
es except accessory pathways and dual atrioventric-
ular nodal physiology. Electrophysiologic recordings
were obtained when the patients were in normal si-
nus rhythm with heart rate 60–100 bpm, and after
the procedure of radiofrequency ablation whenever
necessary. Echocardiographic measurements were
obtained after electrophysiological study completed
in the same day. The patients with chronic AF and
pacemakers were excluded from the study. Informed
consent was obtained from all patients, and the study
was approved by the Hospital Ethics Committee.
Electrocardiographic evaluation
of atrial conduction
Standard ECG were taken from all patients with
sweeping rate of 25 mm/s and amplitude of 1 mV/cm.
All ECGs were evaluated by a cardiologist who was
blind to conduction times measured by other me-
thods. The values were calculated by taking the av-
erage of three consecutive complexes in each lead.
The maximum and minimum durations of P waves
(Pmax and Pmin, respectively) were detected, and
the difference between Pmax and Pmin was defined
as P wave dispersion (Pd = Pmax – Pmin).
Echocardiographic evaluation
of atrial conduction times
All echocardiographic examinations were per-
formed with a System Five (GE Vingmed Ultra-
sound, Horten, Norway) cardiac ultrasound scanner
and 2.5–3.5 MHz transducers. All patients were ex-
amined in the left lateral and supine positions by
precordial M-mode, 2-dimensional, Doppler and tis-
sue Doppler echocardiography. One lead ECG was
recorded continuously. Left ventricular end-diastol-
ic, left ventricular end-systolic, and left atrial end-
systolic diameters were measured from M-mode in
the parasternal long-axis views according to the stan-
dards of the American Society of Echocardiography.
Left ventricular ejection fraction was measured from
M-mode. Left atrial area was measured by tracing
the maximum area of the left atrium during systole
in apical 4-chamber view. Left ventricular mass was
determined by Teichholz Formula in each subject.
Left ventricular diastolic function was evaluated by
mitral inflow velocities namely E peak and A peak,
E/A ratio and also by deceleration time of the E wave
and isovolumic relaxation time. Tissue Doppler
echocardiography was performed by transducer fre-
quencies of 3.5–4.0 MHz, adjusting the spectral
pulsed Doppler signal filters until a Nyquist limit of
15–20 cm/s and using the minimal optimal gain. The
monitor sweep speed was set at 50–100 mm/s to op-
timize the spectral display of myocardial velocities.
In apical 4-chamber view, the pulsed Doppler sam-
ple volume was subsequently placed at the level of
left ventricular lateral mitral annulus, septal mitral
annulus, and right ventricular tricuspid annulus. Tis-
sue Doppler pattern was characterized by a positive
(i.e., above baseline) myocardial systolic wave (S) and
two negative (i.e., below baseline) diastolic waves —
early (E) and atrial (A). Every effort was made to
align the pulsed wave cursor that the Doppler angle
of incidence was as close to 0 as possible to the di-
rection of these walls. Time intervals from the on-
set of P-wave on surface ECG to the beginning of
A-wave (PA) representing atrial electromechanical
delay were obtained from lateral mitral annulus, sep-
tal mitral annulus, and right ventricular (RV) tricus-
pid annulus and named as lateral PA, septal PA, and
RV PA, respectively. The measurement of PA inter-
val is shown in Figure 1. The timing of mechanical
activation of each reference point, namely, lateral
mitral, septal mitral, and RV tricuspid annuli depends
on the distances of these points to sinus node; that
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is, the RV tricuspid annulus is the earliest and later-
al mitral annulus is the latest points to be activated
by the impulse arising from the sinus node. There-
fore, it is hypothesized that the difference between
any two reference points reflects the conduction time
(mechanical delay) between these two points:
— the difference between septal PA and RV PA
was defined as intra-right atrial conduction time
(IRCT-echo) (septal PA–RV PA);
— the difference between lateral PA and septal
PA was defined as intra-left atrial conduction
time (ILCT-echo) (lateral PA–septal PA);
— the difference between lateral PA and RV PA
was defined as interatrial conduction time
(IACT-echo) (lateral PA–RV PA).
Electrophysiologic evaluation
of atrial conduction times
All patients enrolled in the study underwent
electrophysiologic study after 8 h of fasting. Multi-
electrode catheters were positioned in high right
atrium (HRA) at the junction of superior vena cava
and right atrium in the region of sinus node, His
region, RV apex (RVA) and coronary sinus (CS).
The intracardiac electrograms were recorded with
a computer containing Prucka CardioLab EP Sys-
tem (GE Medical Systems, Milwaukee, WI, USA)
software. After the diagnostic electrophysiological
study, radiofrequency ablation was performed if
needed. The atrial conduction times were measured
from intracardiac electrograms with the sweeping
velocity of 400 mm/s. Electrophysiologic IRCT
(IRCT-eps) was measured from the beginning of
atrial electrogram in HRA to the beginning of atrial
electrogram in His electrode. Electrophysiologic
ILCT (ILCT-eps) was measured as the difference
between atrial electrograms in proximal and distal
CS electrodes. Electrophysiologic IACT (IACT-eps)
was defined as the time difference between the atri-
al electrograms in HRA and distal CS (Fig. 2) [13].
Statistical analysis
Distribution of data was assessed by using one-
sample Kolmogorov-Smirnov test. Continuous varia-
bles with normal distribution were expressed as
mean ± SD, variables with skew distribution are ex-
pressed as median (minimum–maximum), categori-
cal variables are expressed as percentage. For com-
parison of categorical variables or percentages we
used Fisher’s exact and c2 tests. Differences between
numeric variables were tested with Student’s t-test
or Mann-Whitney U-test. Correlation was tested
with Pearson correlation coefficient. Bland-Altman
analysis was done to measure the agreement be-
tween ILCT-eps and ILCT-echo. A p value below
0.05 was considered as statistically significant.
Results
Thirty-five male and 66 female patients were
included in the study. The mean age of the patients
was 41 ± 12 years. Fifty-four female patients under-
went radiofrequency ablation with the diagnosis of
atrioventricular nodal reentrant tachycardia, the re-
maining 12 female patients showed normal electro-
physiologic findings. Eleven male patients showed
Figure 1. Measurement of atrial electromechanical de-
lay (PA interval) by tissue Doppler echocardiography.
Figure 2. Measurement of interatrial conduction time
(IACT), intra-rightatrial conduction time (IRCT) and in-
tra-leftatrial conduction time (ILCT) by electrophysiolo-
gical study. The time intervals between atrial electro-
grams of high right atrial and His recordings, proximal
and distal coronary sinus recordings, and high right
atrium and distal coronary sinus recordings give IRCT,
ILCT and IACT, respectively.
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normal electrophysiologic findings, 24 male patients
underwent successful radiofrequency ablation with
the diagnosis of atrioventricular nodal reentrant
tachycardia (n = 17) and atrioventricular rentrant
tachycardia (n = 7). Patient characteristics, ECG,
echocardiographic and electrophysiological findings
are presented in Table 1. ILCT, IRCT and IACT
detected by tissue Doppler echocardiography and
electrophysiological study are shown in Table 2.
IACT-echo and IACT-eps showed a weak (r =
= 0.308; p = 0.002), ILCT-echo and ILCT-eps
showed a moderate positive correlation (r = 0.652;
p < 0.001) (Table 2, Fig. 3). Bland-Altman plot was
shown in Figure 4 to evaluate the agreement be-
tween ILCT-eps and ILCT-echo. The maximum and
minimum P waves and P wave dispersion were 98
± 10 ms, 53 ± 9 ms, and 46 ± 8 ms, respectively.
Age (r = 0.246; p = 0.013 for ILCT-echo, r = 0.299;
p = 0.002 for ILCT-eps), P wave dispersion (r =
= 0.466; p < 0.001 for ILCT-echo, r = 0.333; p =
= 0.001 for ILCT-eps) and left atrium diameter
(r = 0.236; p = 0.017 for ILCT-echo, r = 0.202;
p = 0.043 for ILCT-eps) showed weak positive, and
ejection fraction (r = –0.220; p = 0.027 for ILCT-
-echo, r = –0.254; p = 0.010 for ILCT-eps) showed
weak negative correlation with both ILCT-echo and
ILCT-eps (Fig. 5). There was no prominent rela-
tionship between diastolic function parameters de-
termined by mitral inflow velocities and atrial con-
duction times.
Discussion
The main finding of our study is the demonstra-
tion of moderate correlation between ILCT-echo
and ILCT-eps, and weak correlation between IACT-
-echo and IACT-eps. Since electrophysiological
study is an invasive procedure, some sensitive non-
invasive markers are needed to evalute atrial con-
duction times. Tissue Doppler echocardiography
may be used for this purpose because of its high tem-
poral and spatial resolution. We found that ILCT
detected by tissue Doppler echocardiography was
higher in patients with lone paroxysmal AF com-
pared to healthy control group [14]. There was no
statistically significant difference in intra-right atri-
al and interatrial conduction times between the
groups, and only ILCT was detected as an indepen-
dent marker of paroxysmal AF in that study [14].
Merckx et al. [15] demonstrated that tissue Dop-
pler echocardiography can be used to measure to-
tal duration of atrial electrical activation which is
valuable to detect patients with risk of AF develo-
pment. In another study, left atrial electromechanical
conduction time was found to be significantly pro-
longed in patients with recurring AF after electri-
cal cardioversion, and it has been stated that elec-
tromechanical conduction time parameters evalu-
ated by tissue Doppler echocardiography can be
used as indicators of atrial conduction time for pre-
diction of sinus rhythm maintenance [16].
Table 1. Baseline characteristics, echocardiogra-
phic, electrocardiographic and electrophysiolo-
gic findings of the patients. AH and HV intervals
are intracardiac measurements.
Age [years] 41 ± 12
Gender (male/female) [%] 35/66 (34.7/65.3)
Left atrium diameter [cm] 3 ± 0,5
Left atrium area [cm²] 14.7 ± 3.0
LVEDD [cm] 4.5 ± 0.4
LVESD [cm] 2.9 ± 0.4
EF [%] 67 ± 3
FS [%] 37 ± 3
E peak [m/s] 0.68 ± 0.15
A peak [m/s] 0.64 ± 0.13
E deceleration time [ms] 209 ± 42
IVRT [ms] 93 ± 25
E/A ratio 1.1 ± 0.4
Posterior wall thickness [mm] 8 ± 1
Septum thickness [mm] 8 ± 1
Left ventricular mass [g] 153 ± 37
PR interval [ms] 138 ± 7
Pmax duration [ms] 98 ± 10
Pmin duration [ms] 53 ± 9
P wave dispersion [ms] 46 ± 8
QRS duration [ms] 94 ± 9
QT interval [ms] 354 ± 49
AH interval [ms] 98 ± 18
HV interval [ms] 50 ± 7
EF — ejection fraction; FS — fractional shortening; IVRT — isovolu-
mic relaxation time; LVEDD — left ventricular enddiastolic diameter;
LVESD — left ventricular endsystolic diameter; Pmax duration —
duration of the longest P wave; Pmin duration — duration of the
shortest P wave
Table 2. Correlation of intra-left atrial (ILCT),
intra-right atrial (IRCT) and interatrial conduction
times (IACT) detected by tissue Doppler
echocardiography and electrophysiological
study (EPS).
Tissue Doppler EPS r p
ILCT [ms] 23 ± 6 24 ± 8 0.652 < 0.001
IRCT [ms] 20 ± 12 36 ± 18 0.014 NS
IACT [ms] 43 ± 14 61 ± 20 0.308 0.002
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The relationship between left atrial size and AF
has been shown in previous studies [17, 18]. Per-
sistent AF causes electrical and mechanical alter-
ations characterized by atrial dilatation and pro-
longed atrial conduction time [19]. The changes
resulting in intra- and interatrial conduction delay
Figure 3. Scatter plot graph showing the correlation
between electrophysiological intra-leftatrial conduction
time (ILCT-eps) and echocardiographic ILCT (ILCT-echo).
Figure 4. Bland-Altman plot showing the agreement
between intra-leftatrial conduction time (ILCT)-eps and
ILCT-echo.
0 10 20 30 40 50
ILCT−eps
IL
CT
−e
ch
o
0
10
20
30
40
50
Rsq = 0.4250
10 15 20 25 30 35 40 45 50
Average of ILCT−eps and ILCT−echo
IL
CT
−e
ps
 –
 IL
CT
−e
ch
o
–20
–10
–15
–5
0
5
10
15
20
–1.96 SD
–11.7
Mean
0.9
+1.96 SD
13.6
10 7020 6030 8040 50
P wave dispersion
IL
CT
−e
ch
o
0
10
20
30
40
50A B
10 7020 6030 8040 50
P wave dispersion
IL
CT
−e
ps
0
10
20
30
40
50
C
IL
CT
−e
ch
o
D
50 8060
Rsq = 0.0646
70
Ejection fraction
IL
CT
−e
ps
0
10
20
30
40
50
50 80
Rsq = 0.0482
60 70
Ejection fraction
0
10
20
30
40
50
Figure 5. Scatter plot graphs showing the correlation between P wave dispersion and intra-left atrial conduction time
(ILCT)-echo (A), P wave dispersion and ILCT-eps (B), ejection fraction and ILCT-echo (C), and ejection fraction and
ILCT-eps (D).
492
Cardiology Journal 2012, Vol. 19, No. 5
www.cardiologyjournal.org
can prepare convenient atrial substrate for AF.
Anisotropy and dispersion of refractory periods re-
sulting from the decrease in electrical connections
and depositon of connective tissue between the
myocytes cause atrial conduction abnormalities
[8, 20]. Cohen and Scherf [21] was first described
the concept of interatrial block. It has been thought
that interatrial block may result from the block in
Bachmann bundle. Interatrial block has frequently
been detected in patients with large left atrium, atrial
tachyarrhythmias and sinus and/or atrioventricular
nodal dysfunction [4]. According to multiple wave-
let hypothesis, the number of wavelets at any time
depends on the refractory period, mass and conduc-
tion velocity in different parts of the atria. Therefore,
delayed conduction increases the number of daugh-
ter wavelets and results in continuation of AF [22].
Ozer et al. [23] found that interatrial electro-
mechanical delay is longer in patients with mitral
stenosis than in control subjects. In a previous
study, we also demonstrated that ILCT and IACT
is increased in patients with hypertension with di-
astolic dysfunction [24]. Interatrial conduction ab-
normality was shown to be present by tissue Dop-
pler echocardiography in patients with heart failure
due to left ventricular systolic dysfunction [25].
Prolonged interatrial conduction time in patients
with severe left ventricular systolic dysfunction can
affect left atrial remodeling and function [26]. Can
et al. [27] evaluated interatrial conduction in pa-
tients with scleroderma with the same method.
They found that IACT was increased in patients
with scleroderma compared to control group.
Limitation of the study
Main limitation of our study is the measure-
ment of atrial electromechanical delays only in
3 points at the annulus level. Indeed, it has been
well known that there are different interatrial con-
nections transmitting the impulse from sinus node
to the left atrium. Measurement of atrial electro-
mechanical delay at different atrial regions such as
at the base of interatrial septum (that is the region
of Bachmann’s bundle) might give us more detailed
information about the atrial conduction times. HRA
and RV tricuspid annulus — which is close to low
right atrium instead of high right atrium — are an-
atomically distinct sites. This may be the reason of
the relative weakness of the correlation between
IACT-echo and IACT-eps, and the difference be-
tween IRCT-echo and IRCT-eps. Instead, CS prox-
imal is close to septal mitral annulus, and CS distal
is close to lateral mitral annulus anatomically.
Therefore, the correlation is moderate. It is a mat-
ter of place of measurements made. Further studies
may illuminate this issue. The temporal resolution
of tissue Doppler echocardiography is generally
satisfactory with sweep speeds of 50–100 mm/s.
During electrophysiological studies, since the be-
ginning of deflections can be obscure and difficult
to measure, we used 400 mm/s as sweep speed.
Different sweep speeds can have some misleading
effects on temporal resolution. One other limitation
is the inclusion of patients with normal atrial size.
Tissue Doppler echocardiographic evaluation of
patients with enlarged atria is necessary to confirm
the usefulness of this technique.
Conclusions
To our knowledge, this is the first study com-
paring tissue Doppler echocardiography and elec-
trophysiological study in the measurement of atri-
al conduction times. The moderate correlation be-
tween ILCT-echo and ILCT-eps shows us that
tissue Doppler echocardiography can be used to
evaluate atrial conduction time. Atrial conduction
times may be probable indirect indicators of atrial
substrate. Thus, it is hypothesized that changes in
atrial substrate may be evaluated by tissue Doppler
echocardiography, and this hypothesis should be
tested in future studies. It is not a prospective study
to detect the value of tissue Doppler echocardio-
graphy to predict AF occurance. Therefore, we need
prospective studies to illuminate this issue.
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